ABSTRACT Objective: Prenatal exposure to antiepileptic drugs (AEDs) has been associated with adverse outcomes in the offspring such as congenital malformations and neuropsychiatric disorders. The objective of this study was to investigate whether prenatal exposure to AEDs is also associated with more frequent use of primary healthcare during childhood.
INTRODUCTION
Epilepsy is the most common neurological disorder that requires medical treatment during pregnancy. 1 The prevalence of antiepileptic drug (AED) use during pregnancy has increased in recent years in the USA, mainly due to an increase in the use of newer types of AEDs. 2 The same tendency is seen in Denmark, where the number of pregnant women treated with AEDs has increased slightly during the past decade. This rise is primarily a consequence of increasing use of new types of AEDs, whereas older types are now used less. 3 Prenatal AED exposure has been associated with adverse health outcomes, such as congenital malformations, 4 impaired neurodevelopment and cognitive function, 5 low Apgar score, 6 enamel defects of the teeth, 7 risk of autism spectrum disorders and childhood autism 3 and behavioural problems in preschool children. 8 Among the specific AEDs, valproate has been associated with a considerably higher risk of birth defects and more consistent adverse neurodevelopmental outcomes in the offspring than other AEDs. 5 9 Prenatal lamotrigine exposure has been associated with low rates of major Strengths and limitations of this study ▪ Population-based study including all live-born singletons in Denmark from 1997 to 2012. ▪ Low risk of selection and information bias due to complete follow-up and high data quality. ▪ Possibility to adjust for many potential confounders with yearly updated information through linkage with a variety of national registers. ▪ The study was not able to include information on maternal lifestyle during pregnancy and therefore cannot exclude residual and unknown confounding.
malformations, [10] [11] [12] but studies on newer generations of AEDs (eg, levetiracetam) are still emerging. 9 Despite accumulating evidence of adverse effects of prenatal AED exposure on birth outcomes and neurodevelopment, little is known about the overall health of children exposed to AEDs in fetal life.
In Denmark, access to general practitioners (GPs) is free of charge and 98% of the population is registered with a specific general practice. The GPs serve as gatekeepers to the rest of the healthcare system, and all citizens must first contact the GP for all non-emergency symptoms and diseases. 13 Since most diseases are diagnosed and treated in primary healthcare, the usage of services provided by the GPs may be an important proxy for the overall health of the citizens. The wage of the GPs is funded by the Danish tax system, and the GPs are remunerated according to a combination of capitation and fee-for-service. Consequently, the GPs must carefully register each specific contact and medical procedure in order to receive payment for the services provided. 14 The aim of this study was to investigate whether AED exposure in fetal life is associated with use of primary healthcare in childhood as measured by number of GP contacts. If prenatal AED exposure increases the overall morbidity, we would expect exposed children to have more GP contacts than unexposed children.
METHODS

Study design and population
This population-based cohort study included all singleton live-born children in Denmark from 1 January 1997 to 31 December 2012. Live births were identified from the Danish National Patient Register using code DZ38* of the International Classification of Diseases (ICD), 10th revision. 15 Every citizen in Denmark is assigned a unique personal identification number in the Danish Civil Registration System 16 at birth. Using the child's unique personal identification number, we were able to identify the mother in the Danish Civil Registration System. In total, 1 019 645 children were born in Denmark from 1 January 1997 to 31 December 2012. We excluded 56 498 children because they were not registered in the Danish Civil Registration System (n=5032), they could not be linked to their mother (n=4138), they were not singleton (n=41 713) or they had missing information on gestational age (n=5752); this left us with 963 010 eligible children for inclusion in the present study.
Exposure
Information on the mother's AED use during pregnancy was obtained from the Danish Register of Medicinal Product Statistics, which holds records of all prescriptions redeemed since 1 January 1996. 17 However, treatment with AEDs during inpatient hospital admission is not recorded. In this study, AED use was defined as any prescription redeemed with the Anatomical Therapeutic Chemical (ATC) codes N03A (AEDs) or N05BA09 (clobazam) as defined by the WHO. 18 The exposure window was defined as 30 days before the estimated first day of the last menstrual period of the mother to the day before the birth. The cumulative dose of AEDs used during the exposure window was calculated from the date of prescription redemption and the dose and packing size of each prescription. The estimated average daily dose of AEDs was calculated by dividing the cumulative dose by the number of days in the exposure window. Based on the defined daily dose, 19 the estimated daily dose was dichotomised into low (≤50% of the defined daily dose) and high (>50% of defined daily dose) dose. Among the 963 010 children included in the study, 4478 were prenatally exposed to AEDs and 958 532 were not exposed.
Outcome
The primary outcome of interest was the number and type of contacts with the GP after birth in the period from 1 January 1997 to 31 December 2013. The secondary outcome was the children's use of specific GP services provided at the GP contact in the same period. The GPs register every specific contact and health-related service provided for each citizen by using the unique personal identification number, and the information is recorded electronically in the National Health Insurance Service Register. 20 From this register, we obtained information on number of consultations in daytime and out-of-hours, telephone and email contacts, and diagnostic tests performed during daytime. We excluded contacts forming part of routine well-child visits and the Danish childhood vaccination programme. In Denmark, three well-child visits are scheduled during the first year of life and then one per year up to the age of 5 years. The specific outcomes of the study were the total number of GP contacts per year (labelled 'All contacts'), the number of GP visits, daytime GP visits, out-of-hours GP visits, telephone contacts and specific activity codes to examine the reasons for the contacts. The outcome measure 'All contacts' included daytime visits, out-of-hours visits, telephone contacts, email contacts and home visits. Telephone contacts included telephone contacts during both daytime and out-of-hours. Among the specific services provided at the GP contacts, we only included activities related to physical health and these were blood sample (activity codes 2601 and 2101), B-haemoglobin (activity code 7108), peak flow/spirometry (activity codes 7113, 7121 and 7183), urinary stix (activity code 7101), strep-A test (ie, rapid strep test) (activity code 7109) and C reactive protein (activity code 7120).
Covariates Information on sex of the children and maternal age was obtained from the Danish Civil Registration System. Information on gestational age, date of birth and Apgar score at 5 min of the children was obtained from the Danish National Patient Register. 15 Information on maternal cohabitation status, income and education was obtained from Statistics Denmark. 21 Mothers diagnosed with epilepsy (ICD-8 code 345 and ICD-10 codes G40 and G41) before the end of the index pregnancy were identified from the Danish National Patient Register. 15 The Danish National Patient Register includes information on all inpatients from 1978 and all outpatients from 1995 onwards. 15 In the Danish Psychiatric Central Research Register, 22 we identified mothers with a diagnosis of substance abuse (ICD-8 
Data analysis
The children were followed from date of birth until death, emigration or 31 December 2013, whichever occurred first. The first day of the last menstrual period of the mother was estimated by subtracting the gestational age from the date of birth of the child.
The characteristics of the eligible children and their mothers were summarised using means and SDs or proportions. Incidence rate ratios (IRR) and the corresponding 95% CIs for both the entire follow-up period and each year of follow-up were estimated using a negative binomial regression model applying cluster robust variance to account for correlations in the children's use of GP services due to multiparity in the mothers. The IRRs were adjusted for sex (male, female) and date of birth of the children (date; continuous) and for To investigate potential confounding by indication, we stratified the analyses for the primary outcome according to 'never' versus 'ever' diagnosis of epilepsy of the mother registered in the Danish National Patient Register before the end of the index pregnancy. This stratified analysis was additionally carried out using a cut-off value for epilepsy diagnosis of 5 years prior to the first day of the last menstrual period before the index pregnancy.
Besides the investigation of all AEDs as one group, we studied the six most commonly used AEDs separately. We furthermore investigated the association with GP contacts for low and high estimated daily doses of the six most commonly used AEDs (monotherapy only) in addition to usage of AEDs as monotherapy or polytherapy.
All statistical analyses were performed in Stata V.13 (StataCorp LP, Texas, USA).
RESULTS
We followed 963 010 children for a median of 9 years (range 1-16 years). Children prenatally exposed to AEDs were more likely to be male and to be born preterm than unexposed children (table 1) . Furthermore, exposed children were more likely to be born to mothers living alone, with short education, low income, a diagnosis of substance abuse, depression or Figure 1 Type of GP contact by age of the children in 1-year intervals; unadjusted mean number of contacts in top panels and adjusted IRRs (95% CI) in bottom panels. IRRs and 95% CIs were estimated using negative binomial regression applying cluster robust variance to account for correlations in the children's use of GP services due to multiparity in the mothers. Adjusted for sex and date of birth of the children and for maternal age, cohabitation status, income, education, diagnosis of substance abuse, depression and severe psychiatric disorders as well as use of antipsychotics, antidepressants and insulin. GP, general practitioner; IRR, incidence rate ratio.
severe psychiatric disorders and concurrent use of antipsychotics, antidepressants or insulin.
The total number of GP contacts during the entire follow-up period was 46 736 112. The mean number of GP contacts among unexposed children was 4.6 contacts per year. Throughout the entire study period, children who had been prenatally exposed to AEDs had 3% more contacts with the GP than unexposed children (table 2) ; the adjusted IRR for all contacts was 1.03 (95% CI 1.00 to 1.05). Figure 1 shows the mean number of contacts and adjusted IRRs (95% CI) by type of contact within 1-year intervals from the date of birth. Overall, the annual number of GP contacts was similar among exposed and unexposed children after adjustment for covariates, although exposed children tended to have more frequent contacts in later childhood. A similar picture was found for total number of visits, daytime visits and telephone contacts, but not for out-of-hours visits. When investigating the specific services provided in connection with the contacts (figure 2), we found that the use of peak flow/spirometry tests and biological examinations was similar among exposed and unexposed children. However, fewer strep-A tests tended to be performed among exposed children compared to unexposed children.
When stratifying the analyses for the primary outcome by maternal diagnosis of epilepsy as registered in the Danish National Patient Register before the end of the index pregnancy, no difference between the strata was found ( figure 3) . However, among children born to a mother with no diagnosis of epilepsy, we found a tendency towards more GP contacts by phone among prenatally AED-exposed children compared to unexposed children. Restricting the maternal diagnosis of epilepsy to the 5-year period prior to the index pregnancy showed similar results.
The six most commonly used drugs among women holding prescriptions for AEDs were: clonazepam (10%), oxcarbazepine (11%), lamotrigine (44%), carbamazepine (12%), valproate (14%) and levetiracetam (4%). Throughout the entire study period, children Figure 2 Services provided at the GP contacts by age of the children in 1-year intervals; unadjusted mean number of contacts in top panels and adjusted IRRs (95% CI) in bottom panels. IRRs and 95% CIs were estimated using negative binomial regression applying cluster robust variance to account for correlations in the children's use of GP services due to multiparity in the mothers. Adjusted for sex and date of birth of the children and for maternal age, cohabitation status, income, education, diagnosis of substance abuse, depression and severe psychiatric disorders as well as use of antipsychotics, antidepressants and insulin. GP, general practitioner; IRR, incidence rate ratio.
exposed to oxcarbazepine or valproate had more GP contacts than children unexposed to any AED (table 3) . Adjusted IRRs were 1.08 (95% CI 1.00 to 1.15) for oxcarbazepine and 1.08 (95% CI 1.01 to 1.15) for valproate.
Within 1-year intervals, exposure to oxcarbazepine, valproate or levetiracetam tended to be associated with more GP contacts, although not statistically significant, whereas no difference was found in number of GP Figure 3 Type of GP contact stratified according to maternal diagnosis of epilepsy at the index pregnancy by age of the children in 1 -year intervals; unadjusted mean number of contacts in top panels and adjusted IRRs (95% CI) in bottom panels. During 15 098 pregnancies with a maternal diagnosis of epilepsy, 3240 mothers used AEDs, and during 947 912 pregnancies with no maternal diagnosis of epilepsy, 1238 mothers used AEDs. IRRs and 95% CIs were estimated using negative binomial regression applying cluster robust variance to account for correlations in the children's use of GP services due to multiparity in the mothers. Adjusted for sex and date of birth of the children and for maternal age, cohabitation status, income, education, diagnosis of substance abuse, depression and severe psychiatric disorders as well as use of antipsychotics, antidepressants and insulin. AEDs, antiepileptic drugs; GP, general practitioner; IRR, incidence rate ratio. IRRs and 95% CIs were estimated using negative binomial regression applying cluster robust variance to account for correlations in the children's use of GP services due to multiparity in the mothers. The number of children unexposed to any AED is 958 532. *Adjusted for sex and date of birth of the children and maternal age, cohabitation status, income, education, diagnosis of substance abuse, depression and severe psychiatric disorders as well as use of antipsychotics, antidepressants and insulin. AED, antiepileptic drug; GP, general practitioner; IRR, incidence rate ratio.
contacts for children exposed to clonazepam, lamotrigine or carbamazepine compared to children unexposed to any AED (figure 4). Looking into the AED dose ( figure 5 ), a high estimated daily dose of valproate or levetiracetam was associated with more GP contacts. For oxcarbazepine, low estimated daily dose was associated with a statistically significant higher risk of GP contact. Exposure to valproate as monotherapy (figure 6) was associated with a statistically significant higher risk of GP contact, whereas a statistically non-significant tendency for levetiracetam monotherapy exposure was observed.
DISCUSSION
In this population-based follow-up study, we investigated the number of GP contacts among prenatally AED-exposed and unexposed children. GP contacts could be a proxy for the health status of the included children, although more severe disease would not be captured as a GP contact prompting longer hospitalisation and potential follow-up at the hospital might count as only one contact. Unfortunately, information on the reasons for the GP contacts and the children's condition and potential diagnoses given at the GP contact is not available in the National Health Insurance Service Register. We found that prenatally exposed children had only slightly more GP contacts than unexposed children and few estimates were statistically significant. Stratifying the analyses by maternal diagnosis of epilepsy showed overall similar results for children born to mothers with and without epilepsy. However, the tendency towards more phone contacts for exposed children born to mothers without a diagnosis of epilepsy could indicate confounding by indication from other neurological or mental disorders that are treated with AEDs, such as bipolar disorder. Mothers with such a diagnosis could be prone to worry more than other mothers and thus might contact the GP more often. 23 
Figure 4
Type of AED and risk of any GP contact by age of the children in 1-year intervals compared to children unexposed to any AED (n=958 532); unadjusted mean number of contacts in top panels and adjusted IRRs (95% CI) in bottom panels. The number of exposed children for each type of AED is 465 for clonazepam, 511 for oxcarbazepine, 1977 for lamotrigine, 516 for carbamazepine, 610 for valproate and 196 for levetiracetam. IRRs and 95% CIs were estimated using negative binomial regression applying cluster robust variance to account for correlations in the children's use of GP services due to multiparity in the mothers. Adjusted for sex and date of birth of the children and for maternal age, cohabitation status, income, education, diagnosis of substance abuse, depression and severe psychiatric disorders as well as use of antipsychotics, antidepressants and insulin. AEDs, antiepileptic drugs; GP, general practitioner; IRR, incidence rate ratio.
All live-born singletons in Denmark from 1997 to 2012 were included in the study, and the follow-up of the children was nearly complete, which limits the concern for selection bias. The information on fetal AED exposure was identified from nationwide register information on redemptions for maternal AED prescriptions before and during pregnancy. Random misclassification of the AED exposure cannot be excluded as it is uncertain if all redeemed prescriptions were taken. However, a previous study found high compliance with prescribed AEDs among pregnant Danish women. 24 Therefore, we expect this potential random misclassification to be a minor issue. The information on the use of GP services was obtained from the National Health Insurance Service Register. Since the unique personal identification number is recorded for each GP contact, the accuracy in the identification of each individual is considered to be high. The completeness of the services registered in the National Health Insurance Service Register is also assumed to be high because the remuneration of the GPs depends on accurate registration of each individual contact and medical procedure. 20 Furthermore, the invoices written by the GPs are checked by spot checks and algorithms that identify GPs with unusual reporting. 20 Since the information on exposure and outcome is collected separately and as a matter of routine and therefore not depending on self-report, it is unlikely that the registration of GP contacts is influenced by the knowledge of prescriptions redeemed. Hence, information bias is unlikely to have affected our results, but the potential random misclassification could bias the results towards the null. In our analyses, adjustment for potential confounders generally attenuated the risk estimates, which may indicate confounding from these risk factors. Furthermore, confounding from unknown and unmeasured risk factors cannot be excluded. We mostly had sociodemographic and medical information about the mothers. Unfortunately, we were not able to adjust for maternal lifestyle factors like smoking, diet and physical activity during pregnancy, which might influence the general health of the children. An association between prenatal AED exposure and Apgar score at 5 min after birth has been found. 6 Furthermore, a low Apgar score at birth has been associated with high overall morbidity in childhood including neurological disability, [25] [26] [27] epilepsy 28 29 and cancer. 30 To avoid collider bias, we did not adjust for this potential intermediate variable. 31 We are not aware of other studies investigating the association between prenatal AED exposure and use of primary healthcare in childhood. Another stressful prenatal exposure, maternal loss of a close relative, has been associated with greater use of primary healthcare; this has mainly been due to contacts related to mental health and infections. 32 In this study, we were not able to investigate the association with mental health, because the children were followed only up to the age of a maximum 16 years. When investigating the different AED types separately, we found that exposure to oxcarbazepine or valproate was associated with a statistically significantly higher risk of GP contact. We found no association between exposure to lamotrigine, the most commonly used AED for pregnant women in Denmark, and risk of GP contact. In analyses of the AED dose, a high dose of valproate or levetiracetam was associated Figure 5 Type and dose of AED (monotherapy only) and risk of any GP contact compared to children unexposed to any AED (n=958 532). The figures indicate the number of children exposed to each type and dose of AED. IRRs and 95% CIs were estimated using confounder adjusted negative binomial regression. High daily dose for the different AEDs was defined as: clonazepam >4 mg/day, oxcarbazepine >500 mg/day, lamotrigine >150 mg/day, carbamazepine >500 mg/day, valproate >750 mg/day and levetiracetam >750 mg/day. The figure for any AED is the sum of the six most commonly used AEDs. AED, antiepileptic drug; GP, general practitioner; IRR, incidence rate ratio. Figure 6 Type of AED, usage as monotherapy or polytherapy and risk of any GP contact compared to children unexposed to any AED (n=958 532). The figures indicate the number of children exposed to each type and usage of AED. Monotherapy is defined as exposure to only the specific AED given, and polytherapy is defined as exposure to the specific AED in combination with one or more other AEDs. IRRs and 95% CIs were estimated using confounder adjusted negative binomial regression. AED, antiepileptic drug; GP, general practitioner; IRR, incidence rate ratio.
with more GP contacts. Our findings are in accordance with previous studies, which found prenatal valproate exposure to be associated with high risk of poor neurodevelopment in infancy and childhood. 33 Furthermore, a higher risk of adverse outcomes in the children has been found for higher doses of valproate exposure. 34 We have no explanation for the finding of a higher risk of GP contact for prenatal exposure to low dose, but not high dose, of oxcarbazepine. Carbamazepine exposure has not been found to be associated with low cognitive functioning, 35 and data on newer medications such as levetiracetam and lamotrigine are limited. 33 34 We observed a difference of 3% in number of GP contacts during the entire follow-up period between prenatally AED-exposed and unexposed children. It can be debated whether this slightly higher risk of GP contact is clinically relevant. The average number of contacts during the entire follow-up period was 4.6 per year among unexposed children; 3% corresponds to 0.13 more contacts per year or 2.02 contacts during the entire follow-up period. Although prenatal AED exposure has been associated with a number of adverse outcomes in the offspring, for example, congenital malformations and neurodevelopmental disorders, it seems to have only a modest influence on the overall health measured by number of GP contacts during childhood. Our findings are thus generally reassuring for women in need of AED treatment during pregnancy, including women with epilepsy. However, we cannot exclude that the minor difference in number of contacts is caused by a small group of children having very frequent use of the primary healthcare system because of illness. In this particular case, our results would be clinically relevant. Further research could improve our knowledge of the interactions between specific somatic and psychiatric morbidity in an expecting mother and her pharmacotherapy as well as the potential consequences of such interactions for the fetus. Moreover, studies focusing on the effects of the individual drugs are warranted as our results indicated a higher number of GP contacts for some of the investigated drugs.
